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ABSTRACT: Quantifying the relative value of  Phrag*nites australis and Spartina alterniflora habitat is important  to eval- 
uate the benefits  and risks o f  di f ferent  attempts to address Phragmites expansion on the U.S. eastern seaboard. Two 
contrasting approaches colr~nonly used to restore tidal marsh habitats invaded by Phragmites conmmnities involve spray- 
ing Phragmites with herbicide only whell its coverage o f  a particular marsh area is near or close to 100%. Ahernatively, 
after tile first application, herbicide is alnlually applied on any surviving patches o f  Phragmites present  in a lnosaic o f  
other marsh  vegetation.  A m o d e l  is introduced to evaluate the relative habitat value o f  these control regimes,  here t ermed  
the Intermittent  and Cont inuous .  Compared  to the Intermittent  approach,  the area o f  herbicide application in the 
Continuous approach is higher in the first 6 yr, but lower thereafter. The  cumulative gain in habitat quality after 20 yr 
in either approach is sensitive to the presumed  relative values of Phragmites versus Spartina habitat, and may even be 
negative if they are nearly equal. Annual applications of herbicide to patches of Phragmiles appears to generate more 
habitat value and with less herbicide than occasional applications when Phragmites cover is at is lnaximum. 
I n t r o d u c t i o n  
Phra~mites austrcdis (hereaf ter ,  Phragmites) ex- 
p a n d e d  i n l a n d  a n d  seaward t h r o u g h o u t  East Coast  
( U n i t e d  States) tidal mar shes  in the  last 50 years 
( C h a m b e r s  et  al. 1999; Ber tness  et al. 2002).  This  
e x p a n s i o n ,  the rcsn l t  of  b o t h  d i rec t  a n d  i n d i r e c t  
c o n s e q u e n c e s  of  a n t h r o p o g e m c  mod i f i c a t i ons  to 
coastal  e n v i r o m n e n t s  a n d  the  i n t r o d u c t i o n  of  new 
gene t i c  strains,  p r o b a b l y  fi~om E u r o p e  (Besitka 
1996; Sal tensta l l  2002),  has b e e n  a c c o m p a n i e d  by 
c o n c e r n s  tha t  the  r e su l t ing  n e a r  , n o n o c u l t u r e  of  
Phra~mites c o m p r o m i s e  var ious  n a t u r a l  a t t r ibu tes  
tha t  socie~" values  (e.g., hab i t a t  for fish, flat, a n d  
fowl) as well as biodiversi ty a n d  aes thet ic  a t t r ibu tes  
(Weins te in  a n d  Ballet to  1999). Vm'ious p r o g r a , n s  
have b e e n  i n s t i t u t ed  to con t ro l  its spread,  with par- 
t i t u l a r  r e t b r c n c e  to r ee s t ab l i sh ing  d isp laced  t idal  
m a r s h  vege ta t ion  d o m i n a t e d  by Spardna al@r~d/lo- 
ra, m e a d o w s  of" Spartina patens, .]uric'us, E~iocho~is, 
Sdr/ms, a n d  o t h e r  low-growing g r amin io ds ,  a n d  
lower  salinity, tall r eed  mar shes  of  75,pha a n d  St> 
p~us. It is i n t e r e s t i n g  to c o m p a r e  this r eac t i on  to d ie  
loss of  £j)arti~a sp. hab i t a t  o n  the  ea s t e rn  U.S. coast  
to tha t  to the  i n c r e a s e d  Sparti'na sp. growth (inva- 
sion?) o n  the  wes t e rn  U.S. coast. Both  Phra~dtes 
a n d  Spa'trivia sp. hab i t a t  e x p a n s i o n s  are p r e s u m e d  
to inc rease  m u d f l a t  c o l o n i z a t i o n  a n d  s e d i m e n t  ac- 
c re t ion  a n d  to lower  s h o r e b i r d  hab i t a t  (Evans 
1986; ~Veinstein a n d  Ballet to  1999; Feist  a nd  Si- 
m e n s t a d  2000; Stew~'nson et  al. 2000).  Spartina sp. 
inw~sion o n  the  West Coast: is t h o u g h t  to c ompr o -  
* Correspollding m~thor: tele: 225/578-6454; fax: 225/578- 
6326; e-mail: euturne@lsu.edu. 
,nise fish a n d  i n v e r t e b r a t e  ha b i t a t  because  of  the  
loss of  m u d f l a t s  (Feist a n d  S i me ns t a d  2000).  Phrag- 
mi~es c on t r o l  o n  the East: Coast  is **leant to inc rease  
the a rea  of' Spartirta sp., ,lot: mudf la t s ,  with the goal  
of  r e s t o r i ng  fish a n d  b i rd  ha b i t a t  a nd  a n g i o s p e r m  
biodivers i  V ( \Veinstein a n d  ga l l e t to  1999). T h e  val- 
u a t i o n  of  the  same p lan t ,  S/)arti~ta sp., it see,us, has 
a h igh  hab i t a t  va lue  on  o n e  coast  bu t  a low value  
on  a n o t h e r  coast. 
It costs m o n e y  a n d  t ime  to c on t r o l  t)hragmites, 
a nd  is m o s t  o f t en  a c c o m p l i s h e d  with h e r b i c i d e  ap- 
p l i ca t ions  fo l lowed by b u r n i n g  or  m o w i n g  to re- 
move  s t a n d i n g  dead  stems. Sn i tab le  a l t e rna t ive  
, n a n a g e , n e n t  s trategies to tiffs a p p r o a c h  are n o t  yet  
d e v e l o p e d  (e.g., r h i z o m e  cu t t ing ,  mowing ,  sulf ide 
t r ea tmen t s ,  etc.).  \;Ve assume tha t  so ,he c o m b i n a -  
t ion  of  h e r b i c i d e  app l i ca t ion ,  mowing ,  a n d  b u r n -  
i ng  will c o n t i n n e  to be  the  d o m i n a n t  a p p r o a c h  to 
c o n t r o l l i n g  Phrag'mites in  the  n e a r  t i m ,  re. This  sit- 
n a t i o n  makes  it very i , n p o r t a n t  to k n o w  how well 
spray p r o g r a m s  c on t r o l  Photo, mites e x p a n s i o n ,  sta- 
bili ty or  dec l ine ,  the  deg ree  to which  they res tore  
m o r e  des i rab le  habi ta ts ,  a n d  at wha t  cost a n d  ben-  
efit. 'i'o o u r  k n o w l e d g e  the re  are n o  p n b l i s h e d  el:- 
forts  tl~at have systematically w e i ghe d  the  resul ts  of  
var ious  Phmg'mites con t ro l  a p p r o a c h e s  or  to com- 
pa re  these  resnl ts  with the  wdue  of  the  lost a n d  
r e p l a c e d  habitats .  A r e a s o n a b l e  m a n a g e m e n t  a n d  
sc ience  goal m i g h t  be  to establ ish these  ha b i t a t  val- 
ues a nd  to p u t  t h e m  in  a f i -amework that  m a n a g e r s  
can use to evaluate  a l t e rna t ive  c o n t r o l  app roaches .  
Below we p r o p o s e  a m o d e l  to s u p p o r t  these  efforts. 
' I~ 'o d i f f e r en t  m a n a g e m e n t  a p p r o a c h e s  to con-  
trol PhraKmites are what  m i g h t  be  cal led the  In ter -  
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'IABLE 1. Examples used of Ph,~gvait~s (Pa) and Spartir~a sp. 
(Sa) plant cover (as a percentage of the sm:n of plant cover by 
the two communities in year 0) under intermittent (every 6 yr) 
herbicide application on Pkragmites at a hypothetical salt marsh. 
Year %Pa %Sa [~ealment 
0 90% 10% Prior to spraying 
1 0% 100% Al*er spraying 
2 20% 80% Post spray 
3 40% 60% Post spray 
4 60% 40% Post spray 
5 80% 20% Post spray 
(5 100% 0% Post spray 
7 0% 1 0 0 %  Spraying in late smnmer 
8 20% 80% Post spray 
9 40% 60% Post spray 
10 60% 40% Post spray 
1 I 80% 20% Post spray 
12 100~ 0% Post spray 
13 0% 1 0 0 %  Spraying in late smnmer 
14 20% 80% Post spray 
15 40% 60% Post spray 
16 60% 40% Post spray 
17 80% 20% Post spray 
18 100% 0% Post spray 
19 0% 100% Spraying in late summer 
20 20% 80% Post spray 
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TABLE 2. Pkragmites (Pa) and Spardna sp. (Sa) plant cover (as 
a percentage of the stun of plant cover by the two communities 
in year 0) as a result of Intermittent herbicide application on 
Phrag'mites (every 9 yr) at the Connecticut River salt marsh res- 
toration site (data are fl'om Warren et al. 2001). 
~bar %Pa %Sa Treatment 
0 90% 10% Prior to spraying 
1 2% 20% Al~er spraying 
2 5% 95% Post spray 
3 10% 90% Post spray 
4 20% 80% Post spray 
5 35% 65% Post spray 
6 55% 45% Post spray 
7 70% 30% Post spray 
8 85% 15% Post spray-extrapola/ion 
9 95% 5% Post spray-extrapolation 
10 2% 20% After spraying 
11 5% 95% Post spray-extrapolation 
12 10% 90% Post spray-extrapolation 
13 20% 80% Post spray-extrapolation 
14 35% 65% Post spray-extrapolation 
15 55% 45% Post st)ray-extrapolation 
16 70% 30% Post spray-extrapolation 
17 85% 15% Post spray-extrapolation 
18 95% 5% Post spray-extrapolation 
19 2% 20% After  spraying 
20 5% 95% Post spray-extrapolation 
m i t t e n t  a n d  the  C o n t i n u o u s  spray ing  a p p r o a c h e s .  
T h e  I n t e r m i t t e n t  a p p r o a c h  involves  a o n e - t i m e  
spray ing  o f  all Phra¢mites stands,  usual ly af ter  its has  
c o m e  to d o m i n a t e  a system. This  app l i ca t ion  is fol- 
l owed  by years  o f  i n a t t e n t i o n  unt i l  t he  w h o l e  a rea  
is aga in  c o v e r e d  by Phragmites, af te r  w h i c h  it is 
t r e a t e d  again.  T h e  C o n t i n u o u s  a p p r o a c h  also be- 
gins  with spraying  o f  all Phrag)nites in year  one ,  b u t  
is t b l l owcd  by c o n t i n u o u s  m o n i t o r i n g  to identity '  
and  1rear r e m a i n i n g  and  new Pkragmites p a l c h e s  in 
e a c h  o f  the  s u b s e q u e n t  years. We d e t e r m i n e d  the  
hab i t a t  va lue  o f  m a r s h e s  m a n a g e d  u n d e r  these  two 
dif tL'rent  a p p r o a c h e s  by c o n s t r u c t i n g  a m o d e l  o f  a 
h y p o t h e t i c a l  ma r sh  m a n a g e d  to c o n t r o l  Phra~nites 
a n d  c o m p a r i n g  this to two m a n a g e d  marshes .  
M e t h o d s  
T h e  l h r e e  e x a m p l e s  d iscussed be low do  I1ol rep-  
r e s e n t  the  w h o l e  wor ld  o f  possibi l i t ies ,  a n d  were  
c h o s e n  as p o l a r  oppos i t e s  to i l lus t ra te  the  two m a n -  
a g e m c n t  o p t i o n s  rou t ine ly  used  in prac t ice .  
INTERMITTENTLY ~L&NAGED MARSH COVER 
T h e  hab i t a t  va lue  was ca l cu l a t ed  fo r  two m a r s h e s  
u n d e r  I n t e r m i t t e n t  m a n a g e m e n t .  We a s sumed  tha t  
p l a n t  cove r  in a h y p o t h e t i c a l  m a r s h  was 100% Spa~= 
tina sp. fo r  all o f  the  sprayed  Phragmites a r e a  a f te r  
spray ing  (yem" 1 ), b u t  t ha t  Spartina sp. was r e p l a c e d  
by Pkragmites in each  o f  5 s u b s e q u e n t  years  (with- 
o u t  a h e r b i c i d e  app l i ca t i on )  at w h i c h  t ime  t h e r e  
was again 90% Pkr~'mites cover  on  the  a r e a  sprayed  
in year  1. Af te r  the  fifth year. t he  v e g e t a t i o n  con t ro l  
and  r e e s t a b l i s h m e n t  cycle s~arled again.  Th is  ap- 
p r o a c h  assumes  an op t imis t i c  1-1-1anagellclent resu l t  
because ,  in p rac t ice ,  Sparti'na spp. cove r  does  n o t  
r e a c h  90(7~. in year  1 (post-spray) a n d  s ign i f i can t  
a m o u n t s  o f  Pkra~nites may survive the  h e r b i c i d e  
t r e a t m e n t .  T h e  r e t u r n  o f  b o t h  S]~artina spp. a n d  
Pkragmites fo l l owing  h e r b i c i d e  is spatially a n d  tem-  
pora l ly  var iab le  (PSE&G 2001 ; \ ' ~ r r e n  et  al. 2001 ). 
T h e  s e c o n d  da ta  set is f i 'om a m a r s h  at the  Con-  
n e c t i c u t  River  salt m a r s h  r e s t o r a t i o n  site d e s c r i b e d  
by W a r r e n  e t  al. (2001) a n d  is fo r  a m a r s h  m a n -  
aged  on  a 9-yr spray ro t a t ion .  Da ta  b e y o n d  year  6 
do  n o t  exist, a n d  so we e s t i m a t e d  the  cove r  in years  
7, 8, and  9 by e x t r a p o l a t i o n .  T h e  data  fo r  b o t h  
m a r s h e s  are  in Tables  1 a n d  2. 
CONTINI OUSI,Y NIANA(;ED MARSII COVER 
T h e  vege ta t ive  cove r  o f  Pkragmites a n d  S. aher- 
n/fl0ra was o b t a i n e d  fo r  4 salt m a r s h  r e s t o r a t i o n  
sites in t he  D e l a w a r e  e smm'y  tha t  w e r e  t r e a t e d  with 
a h e r b i c i d e  ( R o d e o  and  Li-700 sur fac tan t )  fo r  at 
least  3 consecu t ive  years.  T h e s e  4 sites a re  p a r t  o f  
a 4,000 h a  sall m a r s h  r e s l o r a t i o n  p r o g r a m  (Wein- 
s te in  and  Bal le t to  1999). T h e  da ta  used  are  ti-om 
a n n u a l  r e p o r t s  o f  t he  m o n i t o r i n g  p r o g r a m  o f  the  
Publ ic  Se rv ice  Elec t r ic  a n d  Gas Co.,  Inc.  (PSE&G) 
tha t  a re  p r o v i d e d  to t he  N e w  Je r sey  D e p a r t m e n t  o f  
E n v i r o n m e n t a l  P r o t e c t i o n  as p a r t  o f  r e g u l a t o r y  
ove r s igh t  for  a n u c l e a r  p o w e r  p l a n t  d i s c h a r g e  per-  
mit .  Vege ta t ion  on  mud t ] a t s  is e x c l u d e d  f r o m  these  
analyses, wh ich  are  the  resu l t  o f  i n t e r p r e t a t i o n s  o f  
aer ia l  p h o t o s  t aken  in t he  sp r ing  a n d  fall o f  several  
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Fig. I. The ratio (log transformed) of  the phmt rover of 
Pbra, gmit~'s and 3"parti~a sp. for four  Phragmite,~ control programs 
in Delaware Bay estuary that had continuous (annual) applica- 
tions of Rodeo herbicide to the Ph*rlg,*iles" plant cover 
c o n s e c m i v e  yea r s  b e f o r e  sp ray ing  b e g a n  a n d  also 
fo r  e a c h  y e a r  o f  sp ray ing .  T h e  m a x i m u m  a r e a  wi th  
b o t h  p l a n t  c o m m u n i t i e s  at  t he se  4 si tes is 147, 199, 
269, a n d  598 ha .  T h e  Photo, mites and & alte~rdjiora 
cover  r a t ios  were  t r a n s f o r m e d  i m o  l o g a r i t h m i c  wd= 
ues  a n d  p l o t t e d  aga ins t  t he  yea r s  of' c o n s e c u t i v e  
s p r a y i n g  (Fig. 1). A s i m p l e  l i n e a r  r e g r e s s i o n  o f  this  
r e l a t i ons f i i p  was a c c o m p l i s h e d  u s i n g  S tawiew II 
ve r s ion  1.04 sof tware .  
T h e  C o n t i n u o u s  a p p r o a c h  a s sumes  t h e  s a m e  
first  y e a r  h e r b i c i d e  t r e a t m e n t  as above ,  f o l l o w e d  by 
a d d i t i o n a l  s p r a y i n g  o f  s u r v M n g  a n d  n e w  Phra£mdtes 
p a t c h e s  in  all  f o l l owing  years .  T a b l e  2 p r e s e n t s  d a t a  
D o r a  t he  C e d a r  S w a m p  r e s t o r a t i o n  site (New Cas t le  
County ,  D e l a w a r e )  as an  e x a m p l e  o f  Phrag~dtes con-  
t ro l  us ing  a n n u a l  h e r b i c i d e  a p p l i c a t i o n s  t a r g e t e d  
at  su rv iv ing  o r  new Phf~gmites s t ands  ( P S E & G  
2001) .  C e d a r  swmnp h a d  90% Phrag~zites c o v e r a g e  
b e f o r e  r e s t o r a t i o n  b e g a n ,  wh ich  sugges ts  t he  pres-  
e n c e  o f  a m o r e  t e n a c i o u s  Ph~(g~mite~s m a n a g e m e n t  
p r o b l e m  t h e r e  t han  in t he  m o r e  sa l ine  m a r s h e s  o f  
D e l a w a r e  Bay. 
DETERMINATION- OF HABITAT VALUE 
A h a b i t a t  wdue  (HV) o f  0, 0.25, 0.5, 0.75, a n d  
1.0 was a s s igned  to Ph~gmite>dominatcd m a r s h e s ,  
w h e r e  1.0 is t he  e q u a l  ~o a Sparl, i~za spp.  m a r s h  in  
ai  V giw~'n y e a r  a n d  0 = n o  va lue .  We d o  n o t  d e f i n e  
the  basis  fo r  t he  d e t e r m i n a t i o n  o f  HV, w h i c h  m i g h t  
involve  f loral ,  fhuna ,  aes the t i c ,  o r  po l i t i c a l  in ter -  
ests, a m o n g  o t h e r  th ings .  T h e  ave rage  H V  o f  a 
m a r s h  was c a l c u l a t e d  by p r o p o r t i o n i n g  the  I I V  o f  
b o t h  spec ies  a m o n g  t h e i r  r e spec t i ve  c o v e r a g e  in an  
i n d i v i d u a l  yea r .  T h e  c u m u l a t i v e  h a b i t a t  v a l u e  
(~HV)  fo r  u p  to 20 yr  is t h e  c u m u l a t i v e  sum o f  t he  
I I V  in all  years .  T h e  n e t  m a r s h  E I I V  is t he  ga in  
(loss) in  >2HV u n d e r  all  m a n a g e m e n t  s c e n a r i o s  less 
t he  ~ H V  in t h e  s a m e  m a r s h  w i thou t  h e r b i c i d e  ap- 
p l i c a t i o n  (i.e., h a b i t a t  c o n d i t i o n s  in  y e a r  0 a r e  per -  
p e m a t e d  to y e a r  20) .  
AREA SPRAYED 
T h e  c u m u l a t i v e  a r e a  s p r a y e d  wi th  h e r b i c i d e  un-  
d e r  I n t e r m i t t e n t  a n d  C o n t i n u o u s  a p p r o a c h e s  was 
e s t i m a t e d  for  20 yr, u s i n g  the  d a t a  fo r  p l a n t  cover  
i b r  t h e  3 m a r s h e s  d e s c r i b e d  above .  We a s s u m e d  i b r  
p u r p o s e s  o f  this  exe rc i s e  t ha t  t he  h e r b i c i d e  u sed  
p o s e s  n o  s ign i f i can t  o r  i m m e d i a t e  h e a l t h  o r  o t h e r  
h a b i t a t  risks. 
R e s u l t s  
T h e  r a t i o  o f  Phr~mites:Sparti,za p l a n t  cover  de-  
c l ines  in a l i n e a r  m a n n e r  fo r  t he  f irst  4 yea r s  o f  
h e r b i c i d e  a p p l i c a t i o n  u s i n g  the  c o n t i n u o u s  ap- 
p r o a c h  (Fig. 1). T h e  R e va lues  for  a l i n e a r  regres -  
s ion  o f  t h e  r a t io  (5) versus  y e a r  (X) r a n g e s  f rom 
0.70 to 0.99. S p r a y i n g  fo r  m o r e  t han  3 c o n s e c u t i v e  
yea r s  resu l t s  in  less Phragmil~es (:over t h a n  Sparl, ina 
sp. cove rage .  F o u r  yea r s  o f  c o n t i n u o u s  s p r a y i n g  re-  
sults in  a Phragmiles (:over o f  less t h a n  10~). T h e  
c h a n g e s  in  p l a n t  (:over in  t hese  f b u r  m a r s h e s  is 
such  {ha{ i t  m a y  take  5 c o n s e c u t i v e  yea r s  o f  spray= 
i n g  b e f o r e  5% o r  less o f  t h e  l a n d  is c o v e r e d  with 
Ph~ni tes  hab i t a t ,  a n d  t h e  u l t i m a t e  level  o f  Ph~g'- 
mites cove r  a f t e r  m u l t i p l e  yea r s  o f  s p r a y i n g  is n o t  
known .  We wish to e m p h a s i z e  t ha t  t h e  c h o i c e  o f  
t he se  two d i f f e r e n t  spray  p r o g r a m s  o r  a p p r o a c h e s  
was fo r  i l lus t ra t ive  p u r p o s e s  a n d  t ha t  t h e  resufts  
s h o u l d  n o t  be  e x p e c t e d  at  eve ry  site. Phrag~nites 
cover  will  p r o b a b l y  i n c r e a s e  i f  t h e  spray  p r o g r a m  
is r e d u c e d  o r  s tops,  a n d  t h e  r e c o v e r y  ra t e s  will va ry  
d e p e n d i n g  u p o n  a n u m b e r  o f  loca l  va r i ab l e s  (e.g.,  
salinity, e lew~tion).  
T h e  a n n u a l  HV, >2H~v; a n d  n e t  >2HV fb r  t he  3 
m a r s h e s  u n d e r  5 d i f f e r e n t  HV for  Phraffmi~es a re  
shown  in Fig. 2. T h e  marsf i  t t V  swings wide ly  un-  
d e r  t he  5 H V  for  Ph~(gv~dtes covet;  as e x p e c t e d .  
T h e r e  is a ga in  in m a r s h  H V  wi th  each  year,  al- 
t h o u g h  t h e  c o n t i n u o u s  s p r a y i n g  e x a m p l e  shows a 
l ag  in  E t{V fo r  t he  first  few years .  T h e  n e t  ga in  in 
E H V  var ies  f rom z e r o  o r  less to pos i t ive  in all 3 
m a r s h  types  (Fig. 2, Tab le  3). T h e  m a r s h  u n d e r  
C o n t i n u o u s  m a n a g e m e n t  has  t he  h i g h e s t  v a h m t i o n  
o f  all t h r e e  m a r s h e s  a f t e r  20 yr  w h e n  the  H V  fb r  
Phragmiges is <0 .5 .  
C o n t i n u o u s  m a n a g e m e n t  resu l t s  in  an  n e t  loss 
o f  h a b i t a t  u p  to 10 yr  i f  t he  HV of' Phragmites is > 
0.75, a n d  u p  to 10 yr  if  t h e  H V  o f  Phragmites equa l s  
1. I l a b i t a t  losses  b e c o m e  ga ins  by  y e a r  3 w h e n  t h e  
Ph~t~nites h a b i t a t  va lue  is >0 .5 ,  a n d  w i th in  5 yr  i f  
t he  Phragmites va lue  is 0.75 o r  h i g h e r  (Fig. 2).  
T h e  c u m u l a t i v e  a r e a  s p r a y e d  in yea r s  9 t h r o u g h  
15 is a b o u t  t he  s a m e  at  all m a r s h e s ,  a f t e r  wh ich  t h e  
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Fig. 2. T h e  h a M m t  va lue  (HV)  o f  t h r e e  m a r s h e s  m a n a g e d  
u n d e r  t h e  d i f f e r e n t  m a n a g e m e n t  s c e n a r i o s  d e s c r i b e d  in  t h e  
text .  Five d i f f e r e n t  v a l u a t i o n s  o f  Ph*rtgmites p l a n t  c o v e r  a r e  
s h o w n ,  r a n g i n g  f i ' om 1 ( e q u a l  va lue  to  5"partir~a sp.)  to  0 ( n o  
va lue ) .  T h e  a r r o w  o n  t h e  x axis  i n d i c a t e  w h e n  t h e  h e r b i c i d e  
a p p l i c a t i o n  o c c u r s .  S p r a y i n g  o c c u r s  in  all yea r s  in  t h e  C e d a r  
S w a m p  e x a m p l e .  A)  A n n u a l  va lue .  B) C u m u l a t i v e  va lue .  C) N e t  
va lue  ( the  d i f f e r e n c e  b e t w e e n  t h e  £ H V u n d e r  m a n a g e d  a n d  no -  
m a n a g e m e n t  s cena r io s .  
m a r s h  u n d e r  C o n t i n u o u s  m a n a g e m e n t  show Ini= 
n o r  increases  in c o m p a r i s o n  to the h r g e  gains  in 
the  o t h e r  two m a r she s  (Fig. 3). T h e  a rea  s p r w e d  
u n d e r  the  I n t e r m i t t e n t  a p p r o a c h  c o n t i n u e s  to rise 
(Fig. 3) unti l  the  cumula t ive  a m o u n t  is 40% great-  
er  t h a n  in the  C o n t i n u o u s  m a n a g e m e n t  p r o g r a m  
by year  20 (and  c o n t i n u e s  to rise thereaf ter ;  Table  
3), 
D i s c u s s i o n  
Spartirta cover  increases  t h r o u g h  he rb ic ide  ap- 
p l ica t ion  (Fig. 1), bu t  is r ep l aced  by Phragmil, es 
w h e n  he rb ic ide  appl ica t ions  cease° It would  im- 
p rove  m a n a g e m e n t  choices  to know the  re la t ion-  
ship be tween  he rb ic ide  app l ica t ion  a nd  vege ta t ion  
r e sponse  for  a varie~, o f  o t h e r  sites. T h e  goal  o f  
the  scientific a p p r o a c h  to this m a n a g e m e n t  p rob-  
lem shou ld  be, a n d  can be, to establish the  trajec- 
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T h e  c u m u l a t i v e  a r e a  s p r a y e d  wi th  h e r M c i d e  o f  a 
m a r s h  in  e a c h  y e a r  fi)r 90 yea r s  u n d e r  t h r e e  d i f f e r e n t  m a n a g e -  
m e n (  s c e n a r i o s  d e s c r i b e d  in  t h e  tex t  a n d  T a b l e  9. T h e  a r e a  is 
n o r m a l i z e d  to  a 100 h a  m a r s h .  
a g e m e n t  pract ices.  Does  Phrag~zites seffZrestoration 
o c c u r  at a faster  ra te  if sprayed every year  o r  in 
a l Ie rna te  years? Can  a small he rb i c ide  app l ica t ion  
every year. by hand ,  r e d u c e  the  total he rb i c ide  ap- 
p l ica t ion a m o u n t  an t ic ipa ted  if d o n e  every th i rd  
year? Do  d i f fe ren t  mar shes  types (salinieT, eleva- 
t ion)  r e s p o n d  in p red ic tab le  ways? Do  sites have a 
m a x i m u m  res to ra t ion  level, b e y o n d  which  addi- 
t ional  spraying  has no  d iscern ib le  impact?  If  this 
i n f o r m a t i o n  is co l lec ted  and  analyzed in a careflflly 
d o c u m e n t e d  a n d  systematic manne r ,  t h e n  the  ar- 
g u m e n t s  a b o u t  he rb i c ide  con t ro l  o f  Phragmites can 
involve n o t  only quali tat ive a rgumen t s ,  b u t  also 
quamimf ive  appraisals.  
T h e  HV fo r  the two a p p r o a c h e s  clearly d e m o n -  
strates changes  over  20 yr  (Fig. 2). T h e  ne t  HV for  
a m a r s h  u n d e r  I n t e r m i t t e n t  spraying  in the  hypo-  
thetical  e x a m p l e  results  in a ne t  loss o f  hab i ta t  af- 
ter  5 yr  if the  HV o f  Phragmites is > 0.75 c o m p a r e d  
to ,S'parti,za sp., a n d  a ne t  ga in  af ter  1 yr  if the  Plnwg- 
mites HV is < 0.5 (Fig. 2). These  are  op t ima l  re- 
sults, becanse  ,Sparti,za sp. does  n o t  r eco lon ize  
sprayed  Phragmites vegetat ive zones  as quickly as 
I)hragmites cover  is d imin i shed  after  o n e  he rb i c ide  
appl ica t ion.  For  example ,  Sparti~za sp. (:over was es- 
sentially u n c h a n g e d  at the  C e d a r  Creek  m a r s h  res- 
to ra t ion  site even after  3 consecut ive  years  o f  spray- 
ing  (Table 4). 
T h e  r o o t  p a r a d i g m  a b o u t  the  way Ph'ra~mites is 
cu r ren t ly  m a n a g e d  is largely tha t  it is an e i t h e r / o r  
si tuation,  w h e r e  Plnz(gmites has  a ze ro  value com-  
p a r e d  to S/)arti~la sp. ~Vilen sprayed  the  first yem; 
T A B L E  3. S u m m a r }  o f  r e su l t s  fl)r 20 years  o f  3 d i f f e r e n t  Pbragvnites c o n t r o l  p r o g r a m s .  
% Net Habitat Gnin when 
(h mmla live PMrzgrrfi¢~,s t IV 
Spray Intcrval Sprayed Area 
Example Spra~ Program (yr) (l:la) 0 0.25 0.5 0.75 ] 
H y p o t h e t i c a l  I n t e r m i t t e n t  6 270  405  88  32 8 - 5  
C o n n e c t i c u t  R ive r  I n t e r m i t t e n t  9 980  4 1 6  100 ,i3 19 6 
C e d a r  S w a m p  C o n t i n u o u s  e a c h  y e a r  195 703  154 55 13 - 10 
~ 2 2  R, E. Tumer and R. S, Warren 
TABLE 'i. Pkragmites (Pa) and Spardr~a sp. (Sa) plant cover (as 
a percentage of the sum of plant cover hy the two comnmnities 
in year 0) as a result of Intermittent herbicide application on 
Phrag'mites" (every 9 yr) at the Cedar Swamp salt marsh restora- 
tion site in the Delaware Bay estuary. 
Year %Pa %Sa Treatment 
0 90% 10% 
1 98% 11% 
2 8% 4% 
4 14% 51% 
5 15% 63% 
6 7(~ 75% 
7 5% 95% 
8 4% 96% 
9 3% 97% 
10 I% 99% 
11 1% 99% 
19 1% 99% 
13 1% 99% 
14 1% 99% 
15 I% 99% 
16 1% 99% 
17 1% 99% 
18 1% 99% 
19 1(~ 99% 
20 1% 99% 
Prior to spraying 
Post spray 



























remnant patches-extrapolati on 
remnant patches-extrapolation 
renmant patches-extrapolation 
remnant patches-extrapolati on 
remnant patch es-extrapolati on 
renmant patches-extrapolation 
remnam patches-extrapolation 
remnant patch es-extrapo]ati on 
remnant patches-extrapolation 
remnam patches-extrapolation 
regard less  of  the two approaches ,  b o t h  f)kmgmi&s 
and Sparti.na sp. are  typically great ly r e d u c e d .  T h e  
e x p e c t a t i o n  is that,  in  the  l o n g  te rm,  the re  will be  
a n e t  ga in  in HV as a resul t  of  s u b s e q u e n t  Spartirza 
sp. growth.  If the  HV of  Phr~mites is ha l f  tha t  of  
Spartirea sp., t h e n  it takes a l o n g e r  t ime  to reMize 
a n e t  ga in  in  m a r s h  HV t h a n  if the  HV of  Phra~nites 
is zero.  T h e  resu l t  d e p e n d s  wha t  the  relat ive va lue  
of  Pkfv¢¢mites h a b i t a t - - o n  whose ox ( a m p h i p o d )  
ge t s  g o r e d .  I n t e r m i t t e n t  m a n a g e m e n t  ( u n d e r  
these  a s smnp t ions )  will n o t  resu l t  in  a ne t  hab i t a t  
ga in  for  5 or  m o r e  years u n d e r  c i r cums t a nc e s  of' 
relat ive h igh  Phra~mites va lua t ion  (Fig. 2). U n d e r  
c o n t i n u o u s  spraying,  it m i g h t  take 7 or  8 yr be fo re  
the re  is a n e t  hab i t a t  ga in  u n d e r  mos t  }IV for 
Pkra~nites of  0.5, a n d  m u c h  l o n g e r  if at all, if  the  
I IV of  Pkrag'mites a p p r o a c h e s  1 (Fig. 2). T h e  p o i n t  
to be  m a d e  h e r e  is tha t  the  l e n g t h  of  t ime  to eval- 
ua te  resul ts  is i m p o r t a n t ;  how Phragmites is va lued  
is i m p o r t a n t ,  a n d  tha t  the  t IV  of  Phragmites is p rob-  
ably n o t  zero  or  100% (equ iva l en t  to Sparti~la sp.), 
b u t  s o m e t h i n g  in -be tween ,  which  is p resen t ly  dif- 
f icult  to ewduate;  a n d  spray ing  o n c e  a year  every 5 
or  6 yr may  n o t  resu l t  in  a n e t  g~dn in  hab i t a t  wdue,  
b u t  will use m u c h  m o r e  h e r b i c i d e  in  c o m p a r i s o n  
to tha t  used  in  the  C o n t i n u o u s  a p p r o a c h  (Fig. 2, 
Table  3). By spraying  r e m n a n t  pa tches  every yem; 
t h e n  the re  may  be a p o i n t  whe re  spray ing  only  a 
few p e r c e n t  of  the  m a r s h  each year  is necessa ry  to 
con t ro l  tile areal  cover  of  Phrag~nites. 
T h e  d e t e r m i n a t i o n  of  the  relat ive va lue  of  Spa'r- 
ti,za sp. a n d  Pkr~mites is a crucial  to the  eva lua t ion  
of  m a n a g e m e n t  choices.  Pkragmdtes hab i t a t  vahte is 
p r o b a b l y  n o t  g o i n g  to be  equa l  to Sparti~la sp. for  
m a n y  issues, b u t  it is n o t  to be  zero,  ei ther.  For  
example ,  if the  pe rce ived  HV of  Phragmites to fish 
is 0 ( the wolf  in  sheep ' s  c lo th ing) ,  t h e n  an?, hab i t a t  
c on t r o l  t h r o u g h  spray ing  is bene f i c i a l  f rom a fish- 
eries hab i t a t  v i e ~ ) o i n t ,  b u t  n o t  if the  va lue  is > 
0.75. Fell et  al. (1998),  Able  a n d  H a g a n  (2000),  
\~/'einstein a n d  Litvin (2000),  Waimvr igh t  et al. 
(2000),  a n d  Weis et  al. (2002) have shown that  the  
value of Phr%m~ites for  larwd, small,  a n d  large ju -  
veni le  fish, a n d  tb r  d e c a p o d s  is g rea te r  t h a n  zero 
a nd  may s o m e t i m e s  be  close to 1.0 ( the  sheep  in  
wolf 's  c lo th ing) .  
\ ,Vhether the  costs of  spray ing  are wortt l  the  ben -  
efits may involve ques t i ons  a b o u t  the  h e a l t h  threa ts  
of  the  h e r b i c i d e  itself. If  h e r b i c i d e  use is to be  min -  
imized,  t h e n  an  a n n u m  spray p r o g r a m  of  small  
a m o u n t s  will resu l t  in m u c h  less h e r b i c i d e  app l i ed  
t h a n  if the  spraying  is d o n e  on  a less f r e q u e n t  basis 
or  erratically. S uppose  tha t  5 ~  of  a m a r s h  can  be 
h a n d - t r e a t e d  ever)' year  to keep  it at 98% Sparl&la, 
b u t  a n o t h e r  m a r s h  r equ i r e s  aer ia l  spray ing  of  40% 
every year  to keep  it at 60% S'parti~la. Given  o u r  
p r e s e n t  knowledge ,  these two a l t e rna t ive  scenar ios  
are r e a s o n a b l e  ou tcomes ,  d e p e n d i n g  u p o n  salinity 
a nd  o t h e r  e n v i r o m n e n t a l  w~riables. But  they in- 
volve vastly d i f f e r en t  a m o u n t s  of  herb ic ides ,  a n d  at 
d i f f e r en t  e x p o s u r e  rates, expenses ,  a n d  commi t -  
m e n t s  by m a n a g e m e n t  a n d  publ ic .  
Useful  i m p r o v e m e n t s  to the  a p p r o a c h  discussed 
h e r e i n  i n c l u d e  r e f i n e d  es t imates  of  invas ion  a n d  
r e e s t a b l i s h m e n t  rates  a n d  accura te  desc r ip t ions  of  
the  variabil i ty in  p l a n t  (:over b e f b r e  r e s to r a t i on  
starts a n d  the dec l ine  in  Phragmd~es:5~ar~ina rat ios 
af ter  r e s to ra t i on  begins .  A d d i t i o n a l  i l K b r m a t i o n  o n  
the interactiw~ effects of  b u r n i n g ,  mowing ,  a n d  
t i m i n g  of  spray o p e r a t i o n s  are also desi rable .  
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